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DRUG DELIVERY COMPOSITIONS AND MEDICAL DEVICES 
CONTAINING BLOCK COPOLYMER 

5 FIELD OF THE IN V ENTION 

The present invention relates to compositions for therapeutic agent delivery 
comprising a tb i p it it-loaded block copolymer. The present invention also 
relates to biocompatible block copolymer materials for use in connection with 
intravascular or inter/vascular medical devices. 

10 

BACKGROUND AND SUMMARY OF THE INVENTION 

Polymers that release drug upon implanta on orb tiort in > the body aie 
known. However, a need remains in the art for a polymer that is effective tor drug- 
release, while at the same time having good mechanical integrity and 

15 biocompatibility. 

It is also blown to use polymers in connection with implantable or 
intertable medical devices. However, such polymers frequently elicit a vigorous 
i i nine rfors body response. Has is particularly true of intravascular ot 
intervascuiar medical devices, which commonly suffer from the consequences of 

20 inflammation and neotntim il 1 1 - it the vasculature. 

The above and other needs in the prior art have been met by the present 
invention. According to one aspect of the invention, a composition tor delivery of a 
therapeutic agent is provided, which comprises: (a) a biocompatible block 
copolymer comprising one or more eiasfomerie blocks and one or more 

25 thermoplastic * el . tb) a therapeutic agent, wherein the block copolymer is 
loaded with the therapeutic agent. 

Numero* it apeu igent a, appropriate for use in connection with the 
present invention including anti-thrombotic agents, antiproliferative agents, anti- 
inflammatory agents, anti-migratoiy agents, agents affecting e> u icellular matrix 

30 production and organization, antineoplastic agents, anti-mitotic agents, anesthetic. 
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its, an igulant i t hpromot avudar cell growth 

inl 1 if* r i ol< tero -Soweritu i< nts asodilating agents ige h i, it 'ti . fere 
with endogenous \ isc i here i < >nc specific 

example of a therapeutic agent is paclitaxel. The loaded block copolymer 
5 preferably comprises 0.1 to 70 wt% therapeutic agent. 

Regarding the polymer configuration, the block copolymer is preferably of 
the formula i 1 s( block, n 

is a positive whole number and X is a seed molecule. 

> t 1 1 « bloc! * ) th polyj leel mertc 1 ks are 

10 preferably p h i >n <.k^ More preferably, the poiyoleiin blocks are of the 
genera) form ula -{CRR.'-CH 2 ) f r, where R and R* are linear or branched al ipitatic 
groups or cyclic aliphatic groups. Even more preferably, the poiyoleiin blocks are 
poiyisobutylens blocks. The amount of polyolefin blocks preferably ranges from 
between 95 and 45 mol% of the Mock copolymer, 

1 5 The thermoplastic blocks are preferably selected from vinyl aromatic blocks 

and methacryiate blocks. The methacryiate blocks are preferably selected bom 
methyimethacrylate, ethylmetbactylate and hydroxyefhyl metbacrylate monomers, 
as well as blocks of mixtures of these monomers. The vinyl aromatic polymer 
blocks are preferably selected from blocks of styrene and a-methylstyrene, as well 

20 as blocks of mixtures of these monomers. 

The molecular weight of the block copolymer preferably ranges from 
80,000 to 300,000 Daitons. In some embodiments, the molecular weight of the 
polyolcfin blocks preferably ranges from 60,000 to 200,000 Daitons, arid the 
molecular weight of the vinyl aromatic polymer blocks preferably ranges from 

25 20,000 to 100,000 Daitons. 

According to another aspect of the present invention, a medical device is 
provided, at least a portion of which is insertable or implantable into the body of a 
patient. The medical device comprises (a) the above block copolymer and (b) a 
therapeutic agent, wherein the block copolymer is loaded with the therapeutic 

30 agent. 
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In some embodiments, only a portion cftl< tic; levice c >ffip { e h 
block copolymer 4,s an exampl he j i x n i he tried levic< can be in fee 
form of a coating on the- medical device. Preferred coating dimensions are 0.1 to 
50 microtis in thickness. 
5 Preferably, the therapeutic agent is released over an extended period after 

implantat ion in a patient. 

Preferred sites lot implantation or insertion of the medical device are the 
coronary vasculature, peripheral vasculature, esophagus, trachea, colon, 
gastrointestinal tract, biliary tract, urinary tract, prostate and brain. 

10 In some embodiments, the medical device is adapted such that at least a 

portion of the block copolymer is exposed to bodily fluid upon insertion or 
implantation in the body, in others, the medical device, is adapted to expose at least 
a portion of the block copolymer to tissue such as solid tissue. 

Preferred medical devices include catheters, guide wires, balloons, filters, 

15 stents, stent grafts, vascular grafts, vascular patches, shunts and intraluminal paving 
systems. In some embodiments, the medical device is provided with a sheath for 
covering the block copolymer during insertion into the body to prevent premature 
therapeutic agent release. 

In certain emb idiraents, the medical device further comprises a polymer or 

20 copolymer of one or more of the fol lowing: a polycarboxyiic acid, a cellulose 
acetate polymer, a cellulose nitrate polymer, a gelatin, a polyvinylpyrrolidone, a 
cross-linked polyvinylpyrrolidone, apolyanhydride, apolyamide, a polyvinyl 
alcohol, a polyvinyl ether, a polyvinyl aromatic, a polyethylene oxide, a 
glyeosaroinogiycan, a polysaccharide, a polyester, a polyacrylamMe, a polyether. a 

25 polyether sulfone, a polycarbonate, a polyafkylene, a halogenated polyalkylene, a 
polyurethane, a polyorthoester, a polypeptide, a silicone, a siloxane polymer, a 
polylactic acid, a polyglycolic acid, a polycaprolactone, a polyhydroxybutyrate 
valerate, a fibrin, a collagen, a collagen derivative or a hyaluronic acid. 
Particularly preferred polymers and copolymers are poiyacrylic acids, ethylene- 

30 vinyl acetate copolymers, and copolymers of polylactic acid and polycaprolactone. 
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Such polymers or copolymers can be blended with the biocompatible block 
copolymer, or they can be provided in a layer thai does not contain the 
biocompatible block copolymer. 

t in i i a iCi ect he presen entioi eihod. of trc 
5 is provided in which the above device is implanted or inserted into a patient, 

resulting in the release of therapeutic agent in the patient over an extended period of 
time, 

According to yet another aspect of the invention, a coated medical device is 
provided which comprises: (a) an intravascular or intervascular medical device; 
10 and (b) a coating over at least a portion of the intravascular or intervascular medical 
device, the coating comprising the above biocompatible block copolymer. 
Prefern i i it) ivass ulai or intervas uktr medical devices for this aspect of the 
invention include balloons, stents, stent grafts, vascular grafts, vascular patches, 
shunts, catheters and filters. 
1 5 One advantage of the present invention is that it provides a polymer-based 

drug delivery composition with good mechanical integrity. 

Another advantage is that a polymer-based drug delivery composition can 
be provided that has good biocompatibility. 

Anotbe; Ivai I . em invention is that medical devices can be 
20 provided that, upon placement in the vasculature, result in reduced inflammation 
and neointimal thickening relative to other traditionally used polymeric materials. 

Still other embodiraen Ivania leeomerea > jppaientto 

those skilled' hi the art upon review of the Specification and Claims to follow. 



25 BRIEF DESCRIPTION OF Tfffi DRAWINGS 

Figure i illustrates release rate as a function of time for stents coated with 
polystyrene-polyisobutyiene-polystyrene copolymer and paeitfaxel in varying 
ratios. 

Figures 2A-2D are photographs, after 28 days in a porcine coronary artery, 
30 of (1) a bare stainless steel stent, (2) a stainless steel stent with a coating of 
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titidition.il • r | Vine polymer, (3) a stainless steel stent with a 

coating of a traditional "biodegradable" copolymer of poiylactic acid ("PLA") and 
polyglycolic acid ("PGA") and (4) a stainless steel stent covered with a coating of 
polysiyrene-polyisobutylene-polystyrene copolymer in accordance with an 
5 embodiment of the present invention, 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to compositions comprising a therapeutic- 

agent-loaded block copolymer that are useful for delivery of a therapeutic agent and 
1 0 to biocompatible block copolymer materials useful, for example, in connection with 

intravascular or iotervascular medical devices. 

Block copolymers suitable for the practice of the present invention 

preferably have a first elastomeric block and a second thermoplastic block. More 

preferably, the hi I 1 i I * :i k block and 

1 5 thermoplastic end blocks. Even more preferably, such block copolymers have the 

general structure: 

(a) BAB or ABA (linear tribiock), 

(b) B(AB) U or A(BA)„ (linear alternating block), or 

(c) X-(AB) „ or X-(BA) n (includes diblock, triblock at)d other radial block 
20 copolymers), 

where A is an elastomeric block, 8 is a thermoplastic block, n is a positive whole 
number and X is a starting seed molecule. 

Most preferred are X-(AB) „ structures, which are frequently referred to as 
diblock copolymers and tri block copolymers where n=l and n=2, respectively (this 
25 terminology disregards the presence of the starting seed molecule, for example, 
treating A-X-A as a single A block with the triblock therefore denoted as BAB). 
Where n-3 or more, these structures are commonly referred to as star-shaped block 
copolymers. 

The A blocks are preferably soft elastomeric components which are based 
30 upon one or more polyolefms, more preferably a polyolefinic block having 
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; ft tio| qu ic van n eery carbons of the general formulation: ♦CCKK'- 
CHaV, where R and R* are linear or branched aliphati roup such as methyl, 
ethyl, propyl isopropyl, butyl, isobutyl and so forth, or cyclic aliphatic groups such 
as cycioh m clo{ t md the like, with and without pendai h 



the same and are methyl groups) are most preferred. 

Hie B blocks are prefe ,f 1 hard thermoplas is bio . - that, when combined 
thtl >l 1 f t c ire capable t ;«er alia, a u. r ii adjit < > the ha t 
of the resultim cop ilymei t< ; a desired combination of qualities. Preferred 
10 B blocks are polymers of methacryiates or polymers of vinyl aromaties. More 

preferred B blocks are (a) made from monomers of styrene , styrene 

derivatives (e.g., a-methyistyrene, ring-alkylated styrenes or rmg-halogenated 
sryrenes) or mixtures of the same or are (b) made from monomers of 
msthylmethacrylate, ethylmefhaerylate hydroxyethyl methaeiylate or mixtures of 
15 the same. 

The properties of the block copolymers used in connection with the present 
invention will depend upon the lengths of the A blocks and B blocks, as well as the 
relative amounts of each. 



20 on the length of the A block chains, with a weight average molecular weight of 
from about 2,000 to about 30,000 Daltons tending to produce rather inelastic 
products, and a weight average molecular weight of 40,000 Daltons or above 
tending to produce products that are more soft and rubbery. Hence, for purposes of 
the present invention, the combined molecular weight of the block copolymer is 

25 preferably in excess of 40,000 Batons, more preferably in excess of 60,000 
DaStons, and most preferably between about 90,000 to about 300,000 Dakms. 

As another example, the hardness of the block copolymer is proportional to 
the relative amount of B blocks, In general, the copolymer has a preferred hardness 



5 




For example, the elasiomeric properties of the block copolymer will depend 
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that is between about Shore 20 A and Shore 75D, and more preferably between 
about Shore 40A and Shore 90A. This result can be achieved by varying the 
proportions of the A and B blocks, with a lower relative proportion of B blocks 
resulting in a copolymer of lower hardness, and a highe r . . i 1 1 i -portion of B 
5 blocks resulting in a copolymer of higher hardness, ^ t 

! i hi t ght i, ■ i i 100.000 1 is) poij b ) ' s I 
gummy material with a Shore hardness of approximately 10A, Polystyrene, is 
much harder, typically having a Shore hardness on the order of I00D, As a result 
when blocks of polyisobutyJene and styrene are combined, the resulting c< polymer 

10 can have a range of hardnesses from as soft as Shore 16A to as hard as Shore iOOD, 
depending upon the relative amounts of polystyrene and polyisobutylene. hi 
general, to achieve a preferred hardness ranging from Shore 30A to Shore 90A, the 
amount of polystyrene ranges from between 2 and 25 mol%. More preferably, the 
preferred hardness ranges from Shore 35A to Shore- 70A and the amount of 

1 5 polystyrene ranges from 5 to 20 mol%. 

Polydtspersity (i.e., the ratio of weight average molecular weight to number 
average molecular weight) gi ves an indication of the molecular weight distribution 
of the copolymer, with values significantly greater than 4 indicating a broad 
molecular weight distribution. The p< Sydispe rj has a vah e ot one when all 

20 molecules within a sample are the same size. Typically, the copolymers for use in 
connection with the present invention have a relatively tight molecular weight 
distribution, withapolydispersityofaboutl.l to 1.7, 

One advantage associated with the above-described copolymers is their 
high tensile strength. For example, the tensile strength of triblock copolymers of 

25 poiysty; -c-nc-polyisobutylene-polystyrene frequently ranges from 2,000 to 4,000 psi 
or more. 

Another advantage of such copolymers is their resistance to cracking and 
other forms of degradation under in vivo conditions. In addition, these polymers 
exhibit excellent biocompatibility. including vascular compatibility, as 
30 demonstrated by their tendency to provoke minimal adverse tissue reactions as 
demonstrated by reduced polymorphonuclear leukocyte and reduced macrophage 
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activity. Still further, these polymers are generally hem incompatible as 
demonstrated by their ability to minimize thrombotic occlusion of small vessels as 
iamonstraied b; ting ■ I xiiymers on ronary stents. See Example 6 
below. 

5 The above-described block copolymers can be made using any appropriate 

method known in the art. A preferred process of making the block copolymers is 
by carbocati-M>iv p >lym< i u ;ti> n - \ >\\ ing an initial polymerization of a monomer 
or mixtures of monomers to form the A Mocks, followed by the subsequent addition 
of a monomer or a mixture of monomers capable of forming fee B blocks. 

10 Such po i ' lions can be foun example in Additional U.S. 

Patent Nos. 4,276,394, 4,316,973, 4,342,849, 4,910,321, 4,929,683, 4,946,899, 
5,066,730, 5,122,572 and/or Re. 34,640. Each of these patents is hereby 
incorporated by reference in its entirety, 

'Hie techniques disclosed in these patents generally involve a "catalyst 

15 starlit i t u (also referred to as "initiators" teleehelk . mo! uies". 
"seed molecules" or "miters"), which can be used to create X-(AB) n structures, 
where X is the catalyst starting molecule, and n can be 1, 2, 3 or more. As noted 
above, the resulting molecules are referred to as diblock copolymers where it is 1, 
trtblock copolymers (disregarding the presence of the starting molecule) where a is 

20 2, and star-shaped block copolymers where n is 3 or more. 

in general, the pxstymerizattos reaction is conducted under conditions that 
minimize or avoid chain transfer and termination of the growing polymer chains. 
Steps are taken to keep active hydrogen atoms (water, alcohol and the like) to a 
minimum. The temperature for rhc polymerization is usually between -10° and -90° 

25 C. the preferred range being between -60° and -80° C, although lower temperatures 
may be employed i f desired. 

Preferably, one or more A blocks, for example, poiyisobntyleae blocks, are 
formed in < he addition of B blocks, for example, 

polys! ■ the ends of the A blocks. 

8 
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More pasta 1; irst polymeri i [ c t n d out in an 
appropriate so i j \ « Events such 

as tnettiyl chloride and hexanes. The reaction bath typically contains: 
• the atbrement toned solvent system, 
5 * olefin monomer, such as isobutylene, 

« o in Mm i rooJ ' • ! lert-s tert-etl 

hydroxy! or tert-haiogen containing compounds, and more typically cumyl 
esters of hydrocarbon acids, alkyl cumyl ethers, cutnyl haiides and eurayl 
hydroxyi compounds as well as hindered versions of the above, 
10 • a comiiiator, typically a Lewis Acid, such as boron trichloride or titanium 
tetrachloride. 

Electron pair donors such as dimethyl aeetamide, dimethyl sulfoxide, or dimethyl 
phthaiafe can be added to the solvent system. Additionally, proton-scavengers that 
scavenge water, such as 2,6-di-tert-buiylpyridine. 4-meihyl-2,6-di-tert~ 
1 5 hutyipyridine, l.S-his(dimethyiamino)-naphthalene s or diisopropylethyi amine can 
be added. 

The reaction is commenced by removing the tert-ester, tert-ether, tert- 
hydroxyl or tert-haiogen (herein called the "teit-leaving groups") from the seed 
molecule by reacting it with the Lewis acid. In place of the tort-leaving groups is a 

20 quasi-stable or "living" cation which is stabilized by the surrounding tertiary 
carbons as well as the polar solvent system and electron pair donors. After 
obtaining die cation, the A block monomer, such as isobutylene, is introduced 
which cationically propagates or polymerizes from each cation on die seed 
molecule. When the A block is polymerized, the propagated cations remain on the 

25 ends of the A blocks. The B block monomer, such as stymie, is then introduced 
which polymerizes and propagates from the ends of the A block. Once the B blocks 
are polymerized, the reaction is terminated by adding a termination molecule such 
as methanol, water and the like. 

As is normally the case, product molecular weights are determined by 

30 reaction time, reaction temperature, the nature and concentration of the reaetanfe. 
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and so forth. Consequently, different reaction conditions will produce different 
products. In genera 1 - the desire i hieved by an 

iterative process in which the course of the reaction is monitored by the 
aminat i of samples take i j< i dm ng the t ti< technique *\ <k 
5 employed in the art. To achieve the desired product, an additional reaction may be 
required in which reaction time and temperature, reactant concentration, and so 
forth are changed. 

Addition Is regardi eatiome proct ing copolymers are 

found, for example, in U.S. Patent Nos. 4,276,394, 4,3 1 6,973, 4,342,849, 
! 0 4,9 J 0,32 1 , 4,929,683, 4,946,899, 5,066,730, 5, 122,572 and/or Re, 34,640. 

The block copolymers described in the preceding paragraphs may he 
recovered from ihe reaction mixtures by any of the usual techniques including 
evaporation of o s u j ree pitation with a non-solvent such as an alcohol oi 
alcohol/acetone mixture, followed by drying, and so forth. In addition, purification 
15 of the copolymer can be performed by sequential extraction in aqueous media, both 
with and without the presence of various alcohols, ethers and ketones. 

Once s} m si; ed, the block copolymers can be used, for example, to 
provide taerapeuti ; ags tit-loaded block copolymer compositions for therapeutic; 
i provide mp ivascular or intervasc w. 

20 For a given mode of administration, a wide variety of therapeutic agents, 

including gene . f erapeutic agents non-genetic therapeutic agents and cells, can 
be used in conjunction with the block copolymers of the invention. 
* Exemplary non-genet s tl en p< utic agents include: 

o antithrombotic agents such as heparin, heparin derivatives, urokinase, 
25 and PPack (dexti-ophenylalanine proline argmine chloromethylketone); 

o antiinflammatory agents such as dexamethasone, prednisolone, 

ccrticosterone, budesonide, estrogen, sulfasalazine and mesalamine; 
o antineoplastic/antiproliferative/ajitti-miotic agents such as paclitaxei, 5- 
fluorouracii, ctsplatin, vinblastine, vincristine, epothiiones, endostatin, 
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angiostatin. angiopeptm, monoclonal antibodies capable of blocking 
smooth muscle cell proliferation, and thymidine kinase inhibitors; 

o anesthel tg< ich as Iklocaine, hupivacame and ropivacaine; 

o anil-coagulants such as D-Phe-Pro-Arg chloromt th> i ketones, an RGD 
5 peptide-confaining compound, heparin, hirudin, anti&rombin 

compounds, platelet receptor antagonists, anti-thrombm antibodies, anti- 
platelet receptor antibodies;, aspirin, prostaglandin inhibitors, platelet 
in ilbi rs ickantiplatel* peptides 

o vascular cell growth promoters such as growth lac-tors, transcriptional 
1 0 activators, and translation^ promoters; 

c vascular cell growth inhibitors such as growth factor inhibitors, growth 
factor receptor antagonists, transcriptional repressors, translations! 
rept ) i til rs, inhibitory antibodi ntibodie 

directed against growth factors, Afunctional molecules consisting of a 
15 growth factor and a cytotoxic bifunctional molecules consisting of an 

antibody and a cytotoxin; 

o protein kinase and tyrosine kinase inhibitors (e.g., tyrphostins, gsn istein, 
quinoxalines); 

q prostacyclin analogs; 
20 o cholesterol-lowering agents; 

a angiopoietins; 

o antimicrobial agents such as triclosan, cephalosporins, aminoglycosides 

and nitrofurantoin; 
o cytotoxic agents, cytostatic agents and cell proliferation affecfors; 
25 o ^asodilatin ag n nd 

o agents that interfere with endogenous vascoaetive mechanisms. 
• Exemplary genetic therapeutic agents include: 
o anti-sense DNA and RNA; 
o DNA coding for: 
30 » anti-sense RNA, 

11 
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* tRNA or rRNA to replace defective or deficient endogenous 
molecules, 

* angiogenic factors including growth factors such as acidic and 
baste fibroblast growth facto . . «. heiiai growth 

5 factor, epidermal growth factor, tran forming r< nth factor a 

and 13 . platelet-derived endothelia i vth factor, platei deri 3 
growth facto* ■ os c > mt >rowtn fitetoi 
and insulin like growth factor, 

■ cell cycle inhibitors including CD inhibitors, 

1 0 « thymidine kinase ("TK") and other agents useful for interfering 

with celt proliferation, and 

■ the family of bone morphogenies proteins ("8MPV), inciuding 
BMP-2, BMP-3, BMP-4, BMP-5, 8MP-6 (Vgr-l) f BMP-7 (OP- 
1), BMP-8, BMP-9, BMP-10, BMP-1 1, BMP-12, BMP-1 3, 

1 5 BMP-14, BMP-15, and BMP-16. Currently preferred Biff's are 

any of BMP-2, BMP-3, BMP-4, BMP-5, BMP-6 and BMP-?, 
't hese dimerie proteins can be provided as homodimers, 
heierodimers, or combinat ereof alone o (.1 h 
other molecules. Alternatively or, in addition, molecules capable 

20 of inducing an upstream or downstream effect of a BMP can be 

provided. Such molecules include any of the "hedgehog" 
proteins, or the DNA's encoding them, 
o Vectors of interest for delivery of genetic therapeutic agents include 

* Plasraids 

25 * Viral vectors such as adenovirus (AV), adenoassociated virus 

(AAV) and lenti virus 

■ Non-viral vectors such as lipids, liposomes and cationic lipids. 
» Cells include cells of human origin (autologous or allogeneic), including stem 

cells, or from an animal source (xenogeneic), which can be genetically 
30 engineered if desired to deliver proteins of interest. 
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Several of the above and xaaseroos additional therapeutic agents appropriate 
for the practlc t c eat laventioa are disclosed in U.S. Patent No. 5,733,925 
assigned to NeoRx Corporation, the entire disclosure of which is incorporated by 
r fereoce P> sivnu: nt iiselosed in this pa n include th following 
5 * f i ents (Lc agents that prevent or delay cell division in 

proliferating cells, for example, by inhibiting replication of DNAorby 
inhibiting spindle fiber formation). Representative examples of cytostatic 
agents include modified toxins, methotrexate, adriamyein, radionuclides (e.g., 
such as disclosed in Fritzberg et al., 'U.S. Pat. No. 4,897,255), protein kinase 




13 



WO 02/47731 



PCT/liSfi 1/48380 




as well as stimulators of the production or activation of TGF-beta, including 
tamoxifen and derivatives of functional equivalents (e.g., plasmm, heparin, 
5 compounds capable of reducing the level or inactivating the lipoprotein lp(a) or 
the glycoprotein apolipoprotein(a)) thereof, TGF-beta or functional equivalents, 
derivatives or analogs thereof, suramin, nitric oxide releasing compounds (e.g., 
nitroglycerin) or analogs or functional equivalent thereof >aciita -\ or analogs 
thereof (e.g., taxotere), inhibitors of specific enzymes (such as the nuclear 
i 0 enzyme DNA topoisomerase II and DNA polymerase, RNA polymerase, adenyl 
guanyl cyclase), supe i dis i nhibitoi ermi de< »eIeotidyi- 
transiera.se, reverse transcriptase, antisense oligonucleotides that suppress 
smooth muscle cel l proliferation and the like. 
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Other examples of "cytostatic agents" include peptidic or mimetic inhibitors 
(i.e. antagonist ag( i.'M 01 c mpetitive o< no k n etit'tve i i ibitors « i 
cellular factors that may (e.g., in the presence of extracellular matrix) trigger 
pi iferatio >fsmooti mus le ceils or pe c tes: e.g., cytokines (e.g.. 
5 insedeukins such as IL-i), growth (actors (e.g., PDGF, TGF-alpha or -beta, 

tumor ne< sis factor smooth mus - ind endoiheiial-derived growth 1 1 rs 
i.e., endothelin, FGF) 5 homing receptors (e.g.. for platelets or leu < >c U ), ar 
extracellular matrix receptors (e.g., integrins). Representative examples of 

itegory of cytostatic sing .smooth 

10 mm j 1 i i < i . ! ) U t r if-n1 i .t j » 1 t i > 1 >p s i din 

(trapidil; a PDGF antagonist), lovastatia, and prostaglandins El or 12. 
* Agents that inhibit migration of vascular smooth muscle ceils from the medial 
wall into the intima <; 'ami-migratory agents"). Several preferred examples are 
derived from phenylalanine (cytoehalasms), tryptophan (chaetogiohosins), or 
15 leucine (aspoehal&sins), resulting in a benzyl, indol-3-yi methyl or Ssoburyl 
group, respectively, at position C-3 of a substituted perhydroisomdole-l-one 
moiety (Formula V or VI), 




v 
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The perhydroisokdole moiety in turn contains an 11-, 13- or 14-atom 
carbocyclic- or oxygen-containing ring linked to positions C~8 and C~9. AH 
naturally occurring cytoehalasins contain a raetfiyi group at C-5; a methyl or 
5 methylene group at C42: and a methyl group at C«14 or C-1 6. Exemplary 

molecules include cytochalasin A, cytochalasin B, cytochalasin C, cytochalasin 
D, cytochalasin E, cytochalasin F, cytochalasin G s cytochalasin H, cytochalasin 
' cytoch 1 
O, cytochalasin P. cytochalasin Q, cytochalasin R, cytochalasin S, 

10 chaetoglobosin A., chaetoglobosin B, chaetoglobosin C, chaetoglobosin D, 
chaetoglobosin E, chaetoglobosin F, chaetoglobosin J, chaetoglobosin K. 
deoxaphomin, proxiphomin, protophomin, zygosperm D, zygosporin E, 
zygosperm F, zygosperm G, aspochalasSn B, aspoehafasin C, aspoehafasin D 
and the like, as well as functional equivalents and derivatives thereof. Certain 

1. 5 cytochalasin derivatives are set forth in Japanese Patent Nos. 72 0 1 ,925 ; 72 
14,219; 72 08,533; 72 23,394; 72 01924; and 72 04,164, 

Oilier representative examph A nti tigi >ryagenl include inhibitors 
(Le., agonists and antagonists, and competitive or non-competitive inhibitors) of 
chemotactie factors and their receptors (e.g., complement cheraotaxms such as 

20 C5a, C5a desarg or C4a; extracellular matrix factors, e.g., collagen degradation 
fragments), or of intracellular cytoskeletal proteins involved in locomotion (e.g., 
actin, cytoskeletal elements, and phosphatases and kinases involved in 
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locomotion). Representative examples of useful ■• i agents in this 
category of ai ory agents include: ea&etc ci derivatives and 

nilvadipine (a calcium antagonist), and steroid hormones. 

• Agents that inhibit the intracellular increase in cell volume (i.e., the tissue 
5 volume occupied by a cell) such as eytoskeletal inhibitors or metabolic 

> 1 * ntati i T 1 t ! inhibitors includs 

colchicine, vinblastin. cytochalasins, paclitaxel and the like, which act on 
microtubule and microfilament networks within a cell. Representative 
examples of metabolic Inhibitors include siaurosporin, trichothecenes, and 

10 modified diphtheria and rich) toxins, Pseudomonas exotoxin and the like. 
Trichothecenes include simple trichothecenes (i.e., those that have only a 
central sesquiterpenoid structure) and macrocych'e trichothecenes (i.e., tiiose 
that have an additional macrocytic ring), e.g., a verruearins or roridins, 
including Vermcarin A, Verrucarin B, Verrucartn J (Satratoxm C), Roridin A, 

1 5 Roridin C, Roridin 0, Roridin E (Satratoxm D), Roridin H. 

• Agents acting as an inhibitor that blocks cellular protein synthesis and/or 
secretion or organization of extracellular matrix (i.e., an "anti-matrix agent"). 
Representative examples of "anti-matrix agents" include inhibitors (i.e., 
agonists and antagonists and competitive and non-competitive inhibitors) of 

20 matrix synthesis, secretion and assembly, organizational cross-linking (e.g., 
transglutaminases cross-linking collagen), and matrix remodeling (e.g., 
following wound healing). A representative example of a useful therapeutic 
agent in this category of anti-matrix agents is colchicine, an inhibitor of 
secretion of extracellular matrix. Another example is tamoxifen for which 

25 evidence exists regarding its capability to organize and/or stabilize as well as 
diminish smooth muscle ceil proliferation following angioplasty. Hie 
organization or stabilization may stem from the blockage of vascular smooth 
muscle cell maturation in to a pathologically proliferating form. 

• Agents that are cytotoxic to cells, particularly cancer cells. Preferred agents are 
30 Roridin A, Pseudomonas exotoxin and the like or analogs or functional 
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equivalents thereof. A plethora of such therapeutic agents, including 
radioisotope s been identified and are known in the art. In 

addition, pr i c 1 rthe > < tnoietfcs are known and 

employed routinely in the art. 
5 A number of the above therapeutic agents and several others have aiso been 

iden ! > d li mc 1 < for vascular treaun t me - t tpk i 
- - etin restenosis Such agents are appropriate for the practice of dw present 
invention and include one or more of the following: 

• Ca-channel blockers including: 

10 o Senzoihiazapines such as diitiazem and elentiazem 

o Dihydropyridines such as nifedipine, arnlodtpine and nicardipine 
o Phenylalkylaraines such as verapamil 

• Serotonin pathway modulators including: 

o 5-HT antagonists such as ketanserin and naftidrofuryl 
15 o 5-HI u into tors such as fluoxetine 

• Cyclic nucleotide pathway agents including: 

o Phosphodiesterase inhibitors such as ciiostazoJe and dipyridamole 
o Adenylate/Guanyiate cyclase stimulants, such as forskolin 
o Adenosine analogs 
20 ♦ Catecholamine modulators including: 

o a -antagonists such as prazosin and bunazosine 

o p -antagonists such as propranolol 

o a ffi -antagonists such as labetalol and earvediloi 

• Endothelin receptor antagonists 

25 ♦ Nitric t ids done releasing molecules including 

o Organic nitrates/nitrites such as nitroglycerin, isosorbide diniirate and 
amy] nitrite 

o Inorganic nitroso compounds such as sodium nitroprusside 
c Sydnoniraines such as molsidomine and iinsidomine 
30 o Not ites suci as diazemum di lates and NO adducte of alkanediamines 
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o S-nitroso compounds including low molecolar weight compounds (e.g., 
S-nitroso derivatives of captopriL glutathione and N-aeetyl 
penicillamine), high molecular weight compounds (e.g., S-nitroso 
derivatives of proteins, peptides, oligosaccharides, pol •<.<. :harid . 
5 synthetic polymers oligomers and natural polymers/oiigoraers) 

o C-nitroso-, O-nitroso- and N-mtroso-eompoonds 

o L~arginine 

» ACE inhibitors such as cilazapril, fosinoprii and enaiapril 

• ATH-receptor antagonists such as saraiasin and iosartin 

30 ♦ Platelet adhesion inhibitors such as albumin and polyethylene oxide 

• Platelet aggregation inhibitors including: 

o Aspirin and thienopyridine (ticlopidine, clopidogrei) 

o GP Ilb/IBa inhibitors such as abeiximab, epitifibatide and tirofiban 

• Coagulation pathway modulators including: 

1 5 o Heparinoids suc h as heparin, tow molecular weight heparin, dextran 

sulfate and jJ -cyclodextrin tetradecasultate 
o Thrombin inhibitors such as hirudin, hirulog, PPACK(D-phe-L-propyl- 

L-arg-chloromethylfcetone) and argatroban 
o FXa inhibitors such as antistatin and TAP (tick anticoagulant peptide) 
20 o Vitamin K inhibitors such as warfarin 

o Activated protein C 

• Cyciooxygenase pathway inhibitors such as aspirin, ibuprofsn, flurbiprofen, 
indoraethaein and sulfinpyrazone 

• Natural and synthetic corticosteroids such as dexamethasone, prednisolone, 
25 methprednisolone and hydrocortisone 

• Lipoxygenase pathway inhibitors such as nordihydroguairetic acid and caffeic 
acid 

• Leukotriene receptor antagonists 

• Antagonists of E- and P-selectias 

30 ♦ inhibitors of VCAM-1 and ICAM-1 interactions 
19 
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'i • i <j ( s idti and at gs then -I s.m i U ns 
o Prostaglandins such as PGE I and PGI2 

o Prostacyclin analogs such as ciprostene, epoprostenol carbacyclin, 
Uoprost and beraprost 
Vfacroph fivation j i tchidin ow shosphonates 
HMG-CoA reductase inhibitors such as iovastalin, pravastatin, fiuvastatin, 
simvastatin and eerivastatin 
Fish oils and omega-Matty acids 

Free-radical scavenge -. v * k p c tannins C and B, 

ebselen, trans-retinoic acid and SOD mimics 
Agents affecting various growth factors including: 

o FGF pathway agents such as hFGP antibodies and chimeric fusion 
proteins 

o PDGF receptor antagonists such as trapidil 

o IGF pathway agents including somatostatin analogs such as angiopeptin 



o TGF-p pathway agents such as polyanionic agents (heparin, fucoidin), 

deeorin, and TGF-ji antibodies 
o EGF pathway agents such as EOF antibodies, receptor antagonists and 

chimeric fusion proteins 
o TNF-a pathway agents such as thalidomide and analogs thereof 
o Thromboxane A2 (TXA2) pathway modulators such as sulotroban, 

vapiprost, damxiben and ridogrel 
o Protein tyrosine kinase inhibitors such as tyrphostm, gentstein and 
quinoxaiine derivatives 
MMP pathway inhibitors such as rnarimastat, Uomastat and rnetastat 
Cell motility inhibitors such as cytf^halasin B 
\ n • i c « j < ph U jgeftts >. a rig 

o Antimetabolites such as purine anafogs(6ninercaptopvarine), pyrimidine 
analogs (e.g., cytarabine and 5-fluorouracil) and methotrexate 
20 
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N r, *en mustards, aikyl sulfonates ethyl ni i ih >ti^s (e g , 

daunorabiem, doxorubicin), nitrosoureas and cispiatin 

Agents affecting microtubule dynamics (e.g., vinblastine, vincristine, 

colchicine, paclitaxel and epothilone) 

Caspase activators 



o Proteasome inhibitors 

o Angiogenesis inhibitors (e.g., endostatm, angiostatin and squalamine) 
o Rapamycin, cerivastatin, flavopiridol and suramin 
• Matrix de I « imzation pathway inhibitors such as halofuginone or other 



♦ Endothelial . i i i itators such as VEGF and RGD peptide 

♦ Blood rheolc i nodulators such as pentoxifylline. 

In addition, combinations of the above therapeut ic agents can be used. 

A wide range of therapeutic agent loadings can be used in connection wi th 
15 the above block copolymers, with the amount of loading being readily determined 
by those of ordinary skill in the art and ultimately depending u[x>n the condition to 
he treated, the nature of the therapeutic agent itself, the means by which the 
therapeutioagent-loaded copolymer is administered to the intended subject, and so 
forth. The loaded copolymer will frequently comprise from less than one to 70 
20 wt% therapeutic agent. 

Jn many preferred embodiments of the invention, the copolymer is used to 
provide (a) the entirety of a medical device or (b) a portion of a medical device (i.e.. 
the copolymer is used as a "device or device portion"). Portions of medical devices 
for which the copolymers of the present invention find use include any fraction of a 
25 medical device, such as device coatings, device components and so forth. 

En some instances, therapeutic agent is released from the device or device 
portion to a bodily tissue or bodily fluid upon contacting the same. An extended 
period of release (i.e., 50% release or less over a period of 2 4 hours) may he 
preferred in some cases. 



10 
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In other Instances, for example, in the case where enzymes, cells and other 
agents capable of acting on a sub hale ■ ■ • used as a therapeutic agent, the 
therapeutic agent may remain within a copolymer matrix. 

Preferred medical d vice; i u in < nijun h <>i? • i n the pi eni invent i 
5 include catheters, preferably vascular catheters and more preferably balloon 
catheters guide wires, balloons, filters (e g., vena cava filters), vascular stents 
(including covered stents such as PTFE (poljldra:|]uoroethy!erie)-covered stents), 
stent grafts, cerebral stents, cerebral aneurysm filler coils (including GDC 
(GugHlnii detachable coils) and metal coils), vascular grafts, myocardial plugs, 

10 paeem 1 eads, heart val id intralum paving sj i > pies of stents 
include MR stents, MedinoL Israel, RADIUS stents, Scimed Lite Systems, Maple 
Grove, MN, WALLSTENT stents, Boston Scientific, Natick, MA and 
SYMPHONY stents, Boston Scientific Corp., Natick, MA. The copolymers of the 
present invention can also be used in composites for aneurysm fillers (e.g. 

15 polymeric mixtures of copolymer with alginates, cyanoaerylates, hydropbtlic 

polymers and so forth). The copolymers of the present invention are further usefta 
to incorporate cells tor cell therapy and are useful for tissue engineering 
applications (e.g., as scaffolds for cell delivery in cardiac applications, liver 
regeneration, and so forth). 

20 As noted above, the copolymer can comprise the entire device or a portion 

of the device, including a coating on the device or a component of a device, and so 
forth. 

Medical devices comprising a dierapeuric-agem-loaded copolymer device 

or device portion in accordance with the present invention can be placed k a wide 

25 variety of bodily locations for contact with bodily tissue or flui d. Some preferred 

placement locations include the coronary vasculature or peripheral vascular system 

(referred to collectively herein as the vasculature), esophagus, trachea, colon, 

biliary tract, urinary tract, prostate and brain. 

In some instances, ft may be desirable to temporarily enclose the 

30 therapeutic-agent-loaded copolymer to prevent release before the medical device 

reaches its ultimate placement site. As a specific example, a stent or catheter 
22 
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>» >! risij thet sp utit -agent-loaded copolymer can be covered with a sheath 
during insertion into the body to prevent premature therapeutic agent release-. 

Numerous techniques are available for creating medical devices and 
device portions from the block copolymers described herein. 
5 Forexampl tl i tl he bk k poiyni s ha\ tl rntoplast 

characte ipen tpa\ neb f standard therroo] tsttc | >cessingteehniqu< tot 
device and device portion formation, including compression molding, injection 
molding, blow molding, spinning, vacuum forming and calendaring, as well as 
extrusion m > > iu\ mdo I les >f various 

1 0 lengths. Using these and other techniques, devices such as balloons, catheters, 
stents and port ons f d< \ ices can be made from the block copolymers. 

Assuming that the th i, >_ i 1 c eat to be loaded is stable at processing 
temperatures, then it can be combined with the copolymer by extrusion prior to 
thermoplastic processing, producing a therapeutie-agent-loaded device or device 
1 5 portion. Otherwise, the therapeutic agent can be loaded after formation of the 
device or device portion as discussed below. 

(t tar t 1 cie u ol ! < 

techniques in which the block copolymer is first dissolved in a solvent and the 
bloek-oopoh i t n the device or device portion. 

20 The solvent should, of course, be compatible with the block copolymer. As an 
example, compatible <=oi\ort^ kn >d 

chid I ii i) i h [> i n 

above and the like. Preferred techniques of this nature include solvent casting, spin 
coating, web coating, solvent spraying, dipping, fiber forming, ink jet techniques 
25 and the like, In many cases, the solution is applied to a template, and the desired 
component is obtained, after solvent elimination, by simply removing the block 
copolymer from the template. Such techniques arc particularly appropriate for 
fanning simple objects such as sheets, tubes, cylinders and so forth. 

One example of a solvent-based technique for forming a device or device 
30 portion can be found, in Example 3 of U.S. Patent No. 5,741,33 1 io Pinchuk. In 
this example, styrene/isobuiylene copolymer is dissolved in the amount of 6% 
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solids (unless indicated otherwise, all percentages herein are weight percentages) in 
tetrahydroi i s< f jtion sprayed with an airbrush onto a rotating 

mandrel, which acts as a template, The environment is controlled during spraying 
! ii e drofi n evapo esbel \ the pra the 1 c ei 

5 allowing a porous mat to be formed on the rotating mandrel. These samples are 
then fully dried ir, air and removed from the mandrel. Such a technique can be used 
to form, for exampk i t < ernia patches, 

heart valve sewing rings, and the like. 

When forming devices or device portk - i _ .-:apeutic agent 
10 using solvent-based techniques, so long as the solvent is compatible with the 

therapeutic a t the therapeuli agen can be provided in the copolymer/sol vent 
mixture, for example, in dissolved form or as a particulate suspension. Such 
techniques allow the therapeutic agent to be loaded concurrently with component 
formation. 

1 5 If desired, the copoiymer/solvent mixture can contain more than one solvent 

(for example, one solvent appropriate for the block copolymer and a different 
solvent appropriate for the therapeutic agent). As a specific non-limiting example, 
where paclitaxel is selected as a drug and where the copolymer is the triblock 
polystyrene-polyisobutylcne-polystyrene, a solution made from toluene, 

20 ietrahydroforan, paclitaxel and the copolymer can be used. 

In cases where the therapeutic agent is not provided at the same time as 
device or device portion formation, if desired, the therapeutic agent can be loaded 
subsequent to component formation as discussed further below. 

A coating is a preferred device portion that is frequently used in 

25 connection with the present invention. For example, the copolymers disclosed 
herein can be used to form coatings on medical device surfaces (e.g.. internal or 
external surfaces). Such surfaces are formed from a wide variety of materials, 
including glass, metals, polymers, ceramics and combinations thereof 

Various techniques are available for forming coatings of the copolymer on 

30 surfaces of medical devices. 
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For example, coatings can be termed via thermoj lasti processiag - < 
example, by co-extruding the coating along with a medical device component. 

inaprefe e i i tved in a solvent that 

is compatible with the copolymer, followed fay application of the copolymer 

5 solution to at least a portion of a medical device. Preferred techniques include 
sols i og spin i M b coalin soivei spraying. < ping nk et « d 

nati these proce c ed ( it j , lesire 

coating thickness), sucb coating techniques can be repeated or combined to build up 
the coated l.r o (1 desired thickness. < ating thk less can be varied in other 

10 ways as well. For example, in one preferred process, solvent spraying, coating 
thickness can be increased by modification of the coating process parameters such 
as increasing flow rate, slowing the movement between the device to be coaled and 
the spray nozzle, providing-.) 1 - i and so forth. In general the ultimate 
coating ranges from about 0.5 micron to 50 microns in thickness, more preferably 2 

15 to 30 microns. 

If desired, a therapeutic agent of interest can be provided at the same time 
as the eopob met - > iting for e> ample, by adding it to a copolymer melt daring 
ihermoplasti< pi k sss i g or by adding it to a copolymer solution during solvent- 
based processing as discussed above. Alternatively, it can be added after the 

20 coating is formed as discussed further below. 

As previously noted, in some embodiments of the present invention, a 
therapeutic agent is provided after formation of the device or device portion. As an 
example of these embodiments, the therapeutic agent can be dissolved in a solvent 
that is compatible with both the copolymer and the therapeutic agent. Preferably, 

25 the coating or component is at most only slightly soluble in the solvent. 

Subsequently, the solution is contacted with the device or device portion such that 
the therapeutic agent is loaded (e.g., by leaching/diifiision) into the copolymer. For 
this purpose, the device or device portion can be immersed or dipped into the 
solution, the solution can be applied to the device or component, for example, by 

30 spraying, and so forth. The device or component can subsequently be dried, with 
the then utt i tn i t therein. 
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In several examples given above, the therapeutic agent, is provided within a 
matrix comprising the copolymer of the present invention. The therapeutic agent 
can also be covaiently bonded, hydrogen bonded, or electrostatically bound to the 
copolymer. As specific examples, nitric oxide releasing functional groups such as 
5 S-nitroso-thiols can be provided in connection with the copolymer, or the 

copolymer can be provided with charged functional groups to attach therapeutic 
groups w ith ppositel ) charged functionalities. 

Alternatively, the therapeutic agent can be precipitated onto the surface of a 
device or device portion. This surface can be subsequently covered with a coating 
10 of copolymer (with or without additional therapeutic agent) l< ibed move. 

Hence, when it is stated herein that the block copolymer is "loaded" with 
therapeutic agent, it is meant that the therapeutic agent is associated with the block 
copolymer in a fash < i those dis< 1 abo\ in a i t I fashion. 

As previously noted, block copol i r tl ircv.it nvention can be 
15 used to form entire medical devices or various portions of such medical devices. 
Examples include the use of the block copolymers of the present invention (1) as a 
single device, (2) as a combination of devices, (3) as a single device portion (such 
as a device component or a device coating), (4) as a combination of device 
portions, and so forth. 
20 Use block copolymers can also be used in connection with further 

auxiliary materials or device portions to achieve a desired result. Such auxiliary 
materials or device portions include binders, boundary layers, blending agents, and 
so forth. 

For example, in some instances a binder may be useful for adhesion to a 
25 substrate. Examples of materials appropriate for binders in connection with the 

present invention include silanes, titanates, isocyanates, carboxyis, amides, amines, 
acrylates hydroxyls, and epoxides, including specific polymers such as EVA, 
polvisobutytene, natural rubbers, poiyurethan.es, siioxane coupling agents, ethylene 
and propylene oxides. 

30 It also may be useful to coat the copolymer of the present invention (which 

may or may not contain a therapeutic agent) with a Saver with an additional polymer 
26 
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1 r (which n r may n laif rar. k ent). This! ma) i foi 
example, as a boundary layer to retard diffusion of the therapeutic agent and 
prevent a burst phenol m o hereb mucho! icagenti released immediate!} 
,» > >i) i p< m * > ' i i< ( > k >i dt x e portioi > e imp u its if - mat ;ri i 
5 constituting the ■. « axing, or boundary layer, may or may not be the same copolymer 
as the loaded copolymer. 

For example, the barrier layer may also be a polymer or small molecule 
from the fol 15 i isse poiycarboxyHc acid including polvacryiic acid 
t i lyn ldudh llulo etate and celfn e; gelatin 

10 |. t > i i t i t i 1 v i b i i i In udin 

malcic anhydride polymery polyamidcs; polyvinyl alcohols; copolymers of vinyl 
monomers such as EVA. (ethyJene-vkvyl acetate copolymer); polyvinyl ethers; 
• ulii ethylene oxtd i nogl 1 t i i 

polyestei ncludin t thyleu erephtbalal 1 h fami les p» e hi i 

15 poKi* i i es including polypropylene, 

polyethylene and high molecular weight polyethylene; halogenated poiyalkylenes 
including pol>tetrafluoroethyiene; polyitrethanes; polyotthoestsrs; polypeptides, 
including proteii . sin" • me polymers; polylaclic acid; polyglycolio acid; 

polycaprolactone; polyhydroxybutyrate valerate and blends and copolymers 

20 thereof; coatings from polymer dispersions such as polyurethane dispersions 
(BAYHDROL®, etc); fibrin; collagen and derivatives thereof; polysaccharides 
such as celluloses, starches, dextrans, alginates and derivatives; and hyaluronic 
acid. 

Copolymers and mixtures of the above are also contemplated. 
25 A preferred polymer is polyacrylic acid, available as HYD'ROPL US® 

(Boston Scientific Corporation, Natick, Mass.), and described in U.S. Pat. No. 
5,091,205, the disclosure of which is hereby incorporated herein by reference. In a 
most preferred embodiment of the invention, the polymer is a copolymer of 
polylactic acid and polycaprolactone. 
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It is also possible to form blends by adding one or more of the above or 
other polymers to ike block copolymers of (he present invention. Examples include 
the following: 

• Blends can be formed witi I m eible with one of the 

5 block copolymer phases. For example, polyphenylene oxide is miscible with 
the styrene blocks of polystyrene-polyisobutylene-polystyrene copolymer. This 
1 >ul tin rea ! st tgtl » molded part t iling made fi n polystyren 
polyisohuiyiene-poiystyrene copolymer and polyphenylene oxide. 

• Blends can be made with added polymers or other c poi mei that are not 
10 complete 1> nisei tie w ith either of the blocks of the block copolymers of the 

present invention. The added polymer or copolymer may be advantageous, for 
example, in that it is compatible with another therapeutic agent, or it may alter 
the release rate of the theraputie agent from the block copolymers of the present 
invention (e.g., poiystyrene-poiyisobutylene-polystjrene copolymer). 
1 5 • Blends can be made with a component such as sugar (see list above) that can be 
leached from the device or device portion, rendering the device or device 
component more porous and controlling the release rate through the porous 
structure. 

The therapeutic-agent-loaded block copolymers are appropriate for a 
20 number of administration avenues including insertion or implantation into the body. 
Where the bk ok • p lymers are to be inserted or implanted for an extended period 
of time, bbeompatibiiity is of concern. 

The release rate oftherapeutic agent from the therapeutie-agent-loaded 
block copolymers of the present invention can be varied in a number of ways. 
25 Examples include: 

• varying the molecular weight of the block copolymers, 

« varying the specif! :oi f, i" as sek te 1 brth lastomeric and 

thermoplastic portions of the block copolymers and the relative amounts of 
these constituents, 
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* varying the type and relative amounts of solvents used in processing the 
block copolymers, 

• varying the porosity of the block copolymers, 

» >roviding a boun n er over t Hock c< p< \yi ■< . no 
5 ♦ blending the block copolymers of tl pr< < it tveuti i« tl her polymers 
or copolymers. 

As noted above, the block copolymers used in connection with the present 
invention are endowed with good biocompatibility. The biocompatibility of 
polystyrene-polyisobuiyl^e-polys^ieae copolymers according to an embodiment 
10 of the invention is demonstrated below hi connection wish Example 6. 

The Invention is further described with reference to the following non- 
limiting examples. 



EXAMPLE I . Block copolymer synthesis. 

1 5 A styrene-isobutylene-styrene block copolymer is synthesized using known 

techniques. As is well known by those versed in the art of eatiomc chemistry, all 
solvents and reaotants must be moisture, acid and inhibitor-free. Therefore, it may 
be necessary, depending upon the grade of material purchased, to distill these 
chemicals or flow them through columns containing drying agents, inhibitor 

20 removers and the like, prior to introducing them into the reaction procedure. 

Assuming that all solvents are pure and moisture- and inhibitor-tree, styrene 
is added to a dried, airtight styrene mixing tank. The tank is initially chilled to 
between -19 °C (the condensation point of methyl chloride) and -31 °C (the 
freezing point of pure styrene) rising liquid nitrogen or other heat transfer media, 

25 whereupon methyl chloride gas is condensed and added. Next, di tert-butyi- 

pyridine is mixed with hexanes and added to the styrene tank, followed by flushing 
with further hexanes. fsobulyiene is then added to the styrene tank, followed by 
sufficient hexanes to bring total hexane weight in the styrene mixing tank to the 
desired amount. The temperature is then brought to about «70°C and maintained at 

30 that temperature until used. 
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& are disc arged • .5". ain trea n nt ning c< » ) 
i m< ooiit iackei , reactor with tl ex « is cooled with liqui 

( o idensed into die 
reactor by bubbling the gas t irour h the co led hexanes. A hindered t-butyl 
5 dicumyl ether, dimethyl phthalate and di tert-butyl -pyridine are added to the 
iti i >m ) jn. i i v s i 1 >' < into the 

reactor by bubl nj; th . s thought the cooled solvent system. The temperature is 
maintained at about ~70°C. After the isobutylene is added to the reactor, titanium 
tetrachloride is then charged to the reactor, flushing with hexanes, to start the 
10 reaction. After the appropriate amount of isobutylene has been added, the reaction 
is allowed to oominue for 15 to 30 min. 

The contents of the styrene tank (prechilied to -60 to -70 °C) are then added to the 
reactor, maintaining the reactor at a temperature of about -70 *C After adding all 
the contents of the styrene tank, the contents of the reactor are allowed to react an 

15 additional 1 5 to 45 minutes, whereupon the reaction is quenched with methanol. 

The reactor is then allowed to warm to room temperature, while being 
aware of any pressure increases, and the methyl chloride is removed from the 
reactor by boiling it and condensing it into a chilled collection tank. An additional 
amount of hexanes, or other solvent, such as tetrahydrofuran or toluene is added to 

20 the reactor to replace the removed methyl chloride. These additional solvents are 
used to soiubifize the polymer to enable it to be drained out of the reactor, as 
otherwise the polymer becomes too duck to readily flow. The copolymer solution 
from the reactor is then precipitated in methanol (equal in weight io the initial 
copolymer/hexanes to be coagulated). The precipitated polymer is then poured into 

25 a sieve, the polymer removed and dried in a vacuum oven tor at least 24 hoars at 
approximately I25°C under full vacuum. 

EXAMPLE 2. Solvent-based coating technique. 

An example of a solvent-based technique for coating a medical device, such 
30 as a stent, follows. As always, the solvent system selected for use in such a 
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procedure will depend upon the nature of the block copolymer and therapeutic 
agent selected. I n the case of a pol>i;tyrene-po!y isobutytene-poiystvTene trihloek 
copolymer and pacht i terapeuti si i solution is one 1 01 tai ing 

(1) between 0-94%, preferably 94%, toluene, (2) between 5%~99% f preferably 5%, 
5 tetrahyd irar id <3) 1? polym a aid ps clitaxel combined. Such a solution 
can be provided by (1) mixing the paclitaxei and tetrahydrofuran, (2) adding the 
copolymer ! ' overnight), and (5) 

filtering (e.g., through a fine filter such as a 0.22 micron filter). The solution of 
interest can then be placed in a syringe pump, and the fluid can be fed to a spray 
10 nozzle. The component of interest (e.g., catheter, catheter balloon, stent, stent graft, 
vascular graft., etc.) can be mounted onto a holding device parallel to the nozzle 
and, if desired, rotated (e.g., at 45 RPM) to ensure uniform coverage. Depending 
on the spray equipment used, either the component or spray nozzle can be moved 
i i n uch s f if fh i iovt i t i r ' ; t i 

15 one or more passes, for instance, a nozzle pressurized at 1 5 psi for a flow rate of 
) 1 1 (polyst ilyisobutylej 1 1 poiyn » 

toluene and tetrahydrofuran). provided at a distance of 1,0 inch from the component 
and moved relative to the component between 0.3-0,5mm/sec can produce a 
thickness of 2.5 to 4.0 microns. 

20 

EXAMPLE 3. Solvent-based coating technique. 

In another preferred process, a solution like that above containing (I) 
between 0-94% toluene, (2) between 5-99% trtrahydra&raa and (3) 1% 
poiystyrene-polyisobury'iene-polystyTene copolymer and paclitaxei is sprayed with 
25 an airbrush onto a rotating medical device component, such as a stent. The 

environment is controlled during spraying so that the tetrahydrofuran and toluene 
evaporates between the sprayer and the component, allowing a porous mat loaded 
with a therapeutic agent to be formed on the rotating component. Spraying is 
stopped when the desired coating thickness is achieved. 

30 
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EX AMPLE 4. Drying process. 

After a component or layer has been formed using one of the above 
solvent-based techniques, the component or layer can be dried, for example, by 
placing h in a preheated oven (e.g., for 30 minutes at 65 3 C. followed by 3 'hoars at 
S 70°C). 

EXAMPLE 5. Release characteristics. 

Trie release rate can be varied by varying the relative amounts of drug and 
copolymer. Figure j illustrates release rate as a function of time for MR stents 

.10 v det poi iii ( rene t nei md paclit \<J in 
varying ratios. The coatinj b lial >ns were made with 94% toluene and 5% 
tehahydrofuran, with the remaining 1% of the formulation being made up of 
paelitaxel and styrene-isobutylene copolymer in respective relative amounts of 
35%-65%, 32.5%-6?.5% 5 30%-70% > 25%~75%, 22.5%~87.5%, 20%-80% and 

15 17,5%-1 5 i vith an equivalent t tal coating weight Coating thickness was about 
16 microns. The release rates in Figure I range from a relatively rapid release in 
connection with the highest paelitaxel value (35%) to a relatively slow release at the 
lowest value (17,5%). 

20 EXAMPLE 6, Biocompatibiiity. 

For this investigation, the following are provided: (1) a bare stainless 
steel MR (Medinof. Israel) stent; (2) a MR stent with a coating of traditional 
"biostable" polycarbonate urethane polymer (Chronoflex AL, CardioTech inc., 
Wobnm MA); (3) a NIR stent with a coating of a traditional "biodegradable" 

25 copolymer of polylactlc acid ("FLA") and polygiycolic acid ("PGA") (Birmingham 
Polymers, Birmingham, AL); and (4) a NIR stent with a coating of polystyrene- 
polyisobutylene-polystyiene copolymer in accordance with the present invention. 

These stents were implanted in a porcine coronary artery, After 28 days, 
the stent was harvested from the auimal and examined for both stenosis (neointimal 

30 thickening) and inflammation. Stenosis was measured angiographicaily. 

Inflammation was measured by blinded observers based on microscopic inspection 
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lion re-trie jd from the poj <n artet Inflammation value of I wen 
assigned, with 1 representing the minimal mflammation and 4 representing 
maximal inflammation. There? esented ii 1 v ing table: 



Coating 


Stenosis (%) 


Inflammation 


None (Bare Stent) 


43±7 


2.6+0,7 


Polycarbonate urcthane 


?S±15 


3.9±0.S 


i s ] ty\m polyi utylene- 
polystyrene copolymer 


47x9 


I.5±0.S 


ii VPG Vcop iymef 







5 As can be seen from this table, stenosis and inflammation were significantly 

higher with the stents coated with traditional polycarbonate urcthane polymer than 
was observed than with the bare stent or with the stents coated with poiystyrene- 
polyisobiitylene-polystyTene copolymer. 

Figures 2 A, 2B, 2C and 2D show representative histology of the sections 
10 from the sterried arteries, The extent of inflammation and neoin&mal thickness was 
much more pronounced in Figure 2C (appearance of the vessel associated with the 
traditional "biostable" polyurethane-carbonate-coated stent) and Figure 20 
(traditional "biodegradable" PLA/PGA copolymer), than in Figure 2A (bare stent) 
or Figure 2B (pt)lyst>'rene-poiyisob«tyiene-poly-styreiie coated stent). 

15 

Although various embodiments are specifically illustrated and described 
herein, it will be appreciated thai modifications and variations of the present 
invention are covered by the above teachings and are within the purview of the 
appended claims without departing horn the spirit and intended scope of the 
20 invention. 
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What i (aimed 

1 \ ipos 1 very of a U i> mprisin 

2 a biocompatible block copolymer comprising one or more elastomeric 

3 blocks and one or more thermoplastic blocks; and 

4 a therapeutic agent, said block copolymer being loaded with said therapeutic 

5 agent. 

1 2, Thecomp sition of claim 1, wherein said one or more elastomeric blocks are 

2 polyoieJRn blocks and wherein said one or more thermoplastic blocks are selected 

3 from vinj m < blocks and methacrylate blocks. 

1 3. The composition of claim I , wherein said block copolymer is of the formula 

2 X-(AB) a , where A is an elastomeric block, B is a thermoplastic block, n is a 

3 positive whole number and X is a seed molecule 

1 4. The composition of claim 3, wherein A is a polyolefm block and B is a vinyl 

2 aromatic block or a methacrylate polymer block. 

1 5, The composition of claim 4, wherein B comprises one or more monomers 

2 selected from methylmethacrylate, ethylmethacrylate and hydroxyethyl 

3 methacrylate, 

1 6, The composition of claim 4, wherein A is a polyolcfin block of the general 

2 formula -(CRR'-CH 2 ). r , where R and R' are linear or branched aliphatic groups or 

3 cyclic aliphatic groups and wherein Bis a vinyl aromatic polymer block. 

1 7. The composition of claim 6, wherein said poiyoiefin block comprises an 

2 isobutylene monomer and wherein said vinyl aromatic polymer block comprises 

3 one or more monomers selected from styrene and a-methyistyrene. 



34 



WO 02/47731 



PCT/US01/48380 



1 8, The cow i f claim 6. wherein the amourr of j riefin Mocks ranges 

2 from between 95 and 45 mo!% of the block copolymer. 

1 9. The composition of claim 6, wherein the molecular weight of the block 

2 copolymer ranges from 80,000 to 300.000 Batons. 

1 10. The com posit » f claim 6, wherein the rool u!as i > < tl l p f *s< 

2 blocks ranges from 60,000 to 200,000 and the molecular weight of the vinyl 

3 aromatic polymer blocks ranges from 20,000 to 100,000. 

1 11 ,h osition * 1 1 icrein sa t i i k 1 •> ymer eompri 

2 0. 1 to 70 wt% therapeutic agent. 

1 1 2. The composition of claim 6, wherein said loaded block copolymer comprises 

2 0. 1 to 70 wt% therapeutic agent. 

1 13. The composition of claim 7, wherein said loaded block copolymer comprises 

2 0. 1 to 70 wt% therapeutic agent. 

1 14. A medical device, at least a portion of which is insertable or implantable into 

2 the body of a patient, comprising: 

3 a block copolymer comprising one or more elastomeric blocks and one or 

4 more thermoplastic blocks; and 

5 a therapeutic agent, said block copolymer being loaded with said therapeutic 

6 agent. 

1 15. The medical device of claim 14, wherein said one or more elastomeric blocks 

2 are pol I Mock? and wherein said one or mo e therm splasik blocks arc vinyl 

3 aromatic blocks or methacrylate blocks. 
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1 16. The medical device of claim 14, wherein said block copolymer is of the 

2 formula X-(AB) „, where A is an elastameric block, B is a tl i i plastic block, n is 

3 a positi ve whole number and X is a seed molecule, 

1 17. The medical device of claim 1 6, wherein A is a polyolefin block and B is a 

2 vinyl aromatii lock or metbacrylate polymer block. 

1 18. Ok icdical v ice of claim 17, wherein A is a polyolefm si ck of the general 

2 formula -(CRR'-CH?),)-, where R and R' aie Hneat os 1 ran lied a * h >i 1 p 

3 cyclic aliphatic groups and wherein B is a vinyl aromatic polymer block. 

1 19- The medical device of claim 18, wherein said polyolefm block comprises an 

2 isobutyleae monomer and wherein said vinyl aromatic polymer block comprises 

3 one or more monomers selected from polystyrene and poiy-a-methylstyrene. 

1 20. The m edical device of claim 1 5, wherein only a port ion of said medical device 

2 comprises said block copolymer. 

1 21. The medical device of claim 20, wherein said portion of said medical device is 

2 a coatin g on said medical device. 

1 22 . The medical device of claim 1 5, wherein therapeutic agent is released over an 

2 extended period after implantation in a patient 

1 23. The medical device of claim 15, wherein the medical device is adapted such 

2 that at least a portion of said block copolymer is exposed to bodily fluid upon 

3 insertion or implantation m the body 
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1 24. The medical derv ice of claim 15, wherein the medical device is adapted such 

2 that at least a portion of said block copolymer is exposed to tissue upon insertion or 

3 implantation in the body. 

.1 25. The medical device of claim 15, whereii lid n tt i is a catheter, 

2 guide wire, balloon, filter, stent, stent graft, vascular graft, vascular patch shunt or 

3 intraluminal paving system. 

1 26. The medical device of claim 15, wherein said medical device is adapted for 

2 implant tio i t jf i i tL ro yvasculatia pe pi. sal vascular system, 

3 esophagus, trachea, colon, biliary tract, urinary trad, prostate or brain. 

1 27. The medical device of claim 15, wherein said medical device is a stent, or 

2 catheter which further comprises a sheath for covering the block copolymer during 

3 insertion into the body to prevent ire laftae the ipetrtic agent release. 

1 28. The medical device of claim 21, wherein said coating ranges from about 0.1 to 

2 50 microns in thickness. 

1 29. The medical device of claim 15,whe id then 

2 one or more of the group consisting of an anti-thrombotic agent, an anti- 

3 proliferative agent, an anti-inflammatory agent, an an ti -migratory agent, an agent 

4 affecting extracellular matrix production and organization, an antineoplastic agent, 

5 an anti-mitotie agent, an anesthetic agent, an anti-coagulant, a vascular ceil growth 

6 promoter, a vascular cell growth inhibitor, a cholesterol-lowering agent, a 

7 vasodilat tig i ■ ni and an agent that interferes with endogenous vasoactive 
S mechanisms. 

1 30. The medical device of claim 1 5, wherein said therapeutic agent is selected from 

2 anti-sense DNA, anti-sense RNA, DNA coding tor anti-sense RNA, DMA coding 

3 for tRMA or rRNA, DNA coding tor aneiogenic factors. DNA coding for cell cycle 
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4 inhibitors, DNA coding for ceil proliferation inhibit ion ag< tfs , and DMA coding for 

5 bone morphogenie proteins. 

1 31. The medical device of claim 1 5, wherein said therapeutic agent is selected from 

2 autologous e si illogem ceil dxet sneic ceils. 

1 32. A method of ti tunc >; comprising implanting or inserting the device of claim 

2 15 into a patient such that said therapeutic agent is released in said patient over an 

3 extended period. 

1 33. A medical device, at least a portion of which is insertable or implantable into 

2 the vasculature of a patient, comprising: 

3 a block copolymer portion of the formula X-(AB) „ , wherein A is a 

4 pdyolefin block of the general formula -(CRR'-CH 2 ) r! - J where R and R' are linear 

5 or branched aliphatic groups or cyclic aliphatic groups, B is a vinyl aromatic 

6 polymer block, n is a positive whole number and X is a seed molecule: and 

7 a therapeutic agent, said block copolymer being loaded with said therapeutic 

8 agent, and said therapeutic agent selected from of one or more of the group 

9 consisting of an antithrombotic ; jent m anti-pf > fc iih i ent, ananti- 

10 inflammatory agent, an and -migratory agent, an agent affecting extracellular matrix 

1 1 production and organization, an antineoplastic agent, an antimitotic agent, an 

12 anesthetic agent, an anti-coagulant, a vascular cell growth promoter, a vascular cell 

1 3 growth inhibitor, a cholesterol-lowering agent, a vasodilating agent, and an agent 

1 4 that interferes with endogenous vascoactive mechanisms. 

1 34. The medical device of claim 33, wherein said polyolefm block is a 

2 polyisobotylene block and wherein said vinyl aromatic polymer block comprising 

3 one or more monomers selected from polystyrene and poly-a-methylstyrene. 
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1 35. The medical device of claim 33, wherein said medical device is selected from a 

2 catheter, guide wire, balloon, filter, stent, stent graft, vaseu « q aft i$.culai patch 

3 or intraluminal paving system. 

1 36. The medical device of claim 33, wherein said block copolymer is in the form of 

2 a coating over at least a portion of said medical device. 

1 37. The medical device of claim 34, wherein said block copolymer is in the form of 

2 a coating over at least a portion of a medical device selected from the group 

3 consisting of a balloon, a stem and a shunt, a catheter, and a filter wherein said 

4 therapeutic agent is paciiraxel. 

1 38. The medical device of claim 37, wherein said coating ranges from 0.1 to 40 

2 microns in thickness. 

1 39. The medical device of claim 37, wherein said loaded block copolymer portion 

2 comprises 0.1 to 75 wt% paelitaxel. 

1. 40, The medical device of claim 37, wherein the molecular weight of the 

2 polyisobutylene blocks ranges from 60,000 to 200,000 and the molecular weight of 

3 the polystyrene or poly-oc-methyistyrene blocks ranges from 20,000 to 100,000. 

1 41 . A coated medical device comprising: 

2 an intravascular or intervascular medical device; and 

3 a coating over at least a portion of said intravascular or intervascular 

4 medical device, said coating comprising a biocompatible block copolymer 

5 comprising one or more dastomeric blocks and one or more thermoplastic blocks. 
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1 42, The coaled medical device of claim 41, wherein said one or more elaston leric 

2 blocks are pol vol In bloc! and where u ski ore i more thermoplastic blocks are 

3 selected from vinyl aromatic blocks and methacrylate blocks. 

1 43. The coated medical device of claim 4L wherein said block, copolymer is of the 

2 formula X-(AB) , , where A is an elastomerie block, B is a thermoplastic block, n is 

3 a positive whole number and X is a catalyst seed molecule. 

1 44, The coated medical de vice of claim 43. wherein A is a polyoleftn block and B 

2 is a vinyl aromatic block or a melhacrylate polymer block. 

1 45. The coated medical device of claim 44, wherein B comprises one or more 

2 monomers selected from methylmethacrylate, ethylmethacrylate and hydroxyethyl 

3 methacrylate. 

1 46. Hie coated medical device of claim 44, wherein A is a polyolefm block of the 

2 general formula -(CRR'-CHbV, where R and K are linear or branched aliphatic 

3 groups or cyelfc ili 1 ij roups and wherein Bis a vinyl aromatic polymer block. 

1 47. The coated medical device of claim 46, wherein said polyoleSn block 

2 comprises an isobutylene monomer and wherein said vinyl aromatic polymer block 

3 comprises one or more monomers selected from styrene arid ct-methylstytene. 

1 48. The coaled medical device of claim 46, wherein the amount of polyolefei 

2 blocks ranges from between 95 and 45 mol% of the block copolymer. 

1 49. The coated medical device of claim 46, wherein the molecular weight of the 

2 block copolymer ranges from 80,000 to 300,000 Daltons. 
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1 50. Hie coaled medical device of claim 46, whert < ■■ ■ rv ;ightofthe 

2 polyolefin blocks ranges from 60.000 to 200.000 Daltons and the molecular weight 

3 of the vinyl aromatic polymer blocks ranges from 20,000 to 1 00,000 Daltons. 

1 51. The device of claim 40, wherein said intravascular or Inter vascular medical 

2 device is selected from a balloon* a stent, a shunt, a catheter, a stent graft, a vascular 

3 graft, a vascular patch, a shunt and a filter. 

1 52 i 0c nit dtcal devici s .] further c up tsin .jt.ii>., » p >l 

2 one or more of the following: a polyearboxyiic acid, a cellulose acetate polymer, a 

3 cellulose nitrate polymer, a gelatin ^ yvin lp> rolid >v i cros? hnt-d 

4 polyvinylpyrrolidone, a polyanhydride, a polyamide, a polyvinyl alcohol, a 

5 polyvinyl ether, a polyvinyl aromatic, a polj hyl > tycosai inoglycan, a 

6 polysaccharide, a polyester, a pof ci lai de, a polyethei a polyether sulfbne, a 

7 polycarbonate, a polyalkylene, a halogenated polyalkylene, a polyurethane, a 

8 polyorliioesies apolypeptide i silicone, a siloxane polymer, a polylactic acid, a 

9 polyglyeolic acid, a poiycaprolactone, a polyhydroxybntyrafce valerate, a fibrin, a 
10 collagen, a collagen derivative or a hyaluronic acid. 

1 53. The medical device of claim 52, wherein said polymer or copolymer is selected 

2 from a polyacrylie acid, an ethylene-vinyl acetate copolymer, and a copolymer of 

3 polylactic acid and poiycaprolactone, 

3 54. The medical device of claim 52, wherein said polymer or copolymer is blended 

2 with said biocompatible block copolymer. 

1 55. The medical device of claim 52, wherein said polymer or copolymer is 

2 provided in a layer that does not contain sai p ' 3 ek copolymer. 
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Fig. 2A 
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Fig. 2C 
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Fig. 2D 
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